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Uvod 3RVWRSHUDWLYQD RVHWOMLYRVW MH þHVW SUREOHP NRG
SDFLMHQDWDQDNRQSRVWDYOMDQMDNRPSR]LWQLKLVSXQDQD]XELPD
Cilj RYRJ LVWUDåLYDQMD MH ELR GD VH SURYHUL NOLQLþND
HILNDVQRVW RNVDODWQRJ GHVHQ]LELOL]DWRUD %LV%ORFN X SUH-
YHQFLMLSRVWRSHUDWLYQHRVHWOMLYRVWLSRVOHSRVWDYOMDQMDNRP-
SR]LWQLKLVSXQDQDERþQLP]XELPD
Materijal i metod .OLQLþNR LVWUDåLYDQMH MH VSURYH-
GHQR QD .OLQLFL ]D %ROHVWL ]XED 6WRPDWRORãNRJ IDNXOWHWD
8QLYHU]LWHWD X %HRJUDGX 8 LVWUDåLYDQMH MH XNOMXþHQ 
SDFLMHQW RVRED RED SROD X]UDVWD RG  GR  JRGLQH
.RGVYDNRJSDFLMHQWDVXXUDÿHQDGYDNDYLWHWDGUXJHNODVH
QD SUHPRODULPD  NDYLWHWD L UHVWDXULVDQL NRPSR]LWQLP
LVSXQLPD-HGDQUHVWDXULVDQL]XEVYDNRJLVSLWDQLNDMHWUH-
WLUDQ %L6%ORFNP HNSHULPHQWDODQD JUXSD GRN MH GUXJL
SRVOXåLR NDR NRQWUROQD JUXSD8 UHVWDXUDWLYQRM SURFHGX-
UL NDR DGKH]LYQR VUHGVWYR MH NRULãüHQ 6LQJOH %RQG 0
(63( D ]XEL VX UHVWDXULVDQL NRPSR]LWQLP PDWHULMDORP
9DOX[SOXV0(63(3URFHQDRVHWOMLYRVWLMHYUãHQDSRVOH
SUYRJ þHWYUWRJ L VHGPRJ GDQD RG UHVWDXUDFLMH LVSLWLYD-
QMHPRVHWOMLYRVWLQDWHUPLþNHLRVPRWVNHQDGUDåDMHLLVSLWL-
YDQMHPRVHWOMLYRVWLQDSULWLVDNXWRNXPDVWLNDFLMH
Rezultati'RELMHQL UH]XOWDWL VXSRND]DOLGD MHXSRWUH-
ERPGHVHQ]LELOL]DWRUD%LV%ORFNDGRãORGRVWDWLVWLFNL]QDFDM-
QRJVPDQMHQMDSRMDYHSRVWRSHUDWLYQHRVHWOMLYRVWLNRGHNVSH-
ULPHQWDOQHXRGQRVXQDNRQWUROQXJUXSX
.OMXþQH UHþL SRVWRSHUDWLYQD RVHWOMLYRVW NRPSR]LWQH UHVWDXUDFLMH
RNVDODWQLGHVHQ]LELOL]DWRU
3RVWRSHUDWLYQDRVHWOMLYRVW VH þHVWRGRYRGLXYH]X VD
NRPSR]LWQLPLVSXQLPDQDERþQLP]XELPD8SUNRVQDMQR-
YLMLPGRVWLJQXüLPDVDGHQWDOQLPUHVWDXUDWLYQLPWHKQLNDPD
3RVWRSHUDWLYH VHQVLWLYLW\ LV RIWHQ UHODWHG WR 5%&
UHVWRUDWLRQV LQ SRVWHULRU WHHWK 'HVSLWH FRQWHPSRUDU\
DFKLHYHPHQWVLQGHQWDOUHVWRUDWLYHWHFKQLTXHVDQGPDWHUL-
6800$5<
Introduction3RVWRSHUDWLYHVHQVLWLYLW\ LVDFRPPRQ
SUREOHP LQ SDWLHQWV DIWHU SODFHPHQW RI UHVLQEDVHG FRP-
SRVLWH5%&UHVWRUDWLRQV
Aim7KHRIWKLVVWXG\ZDVWRHYDOXDWHFOLQLFDOHIILFDF\
RIR[DODWHGHVHQVLWL]HU%LV%ORFNLQWKHSUHYHQWLRQRISRVWRS-
HUDWLYHVHQVLWLYLW\DIWHUSODFHPHQWRI5%&UHVWRUDWLRQV
Materials and Methods7KLVFOLQLFDO VWXG\ZDVFRQ-
GXFWHGDW%HOJUDGH8QLYHUVLW\6FKRRORI'HQWLVWU\'HSDUW-
PHQW RI 5HVWRUDWLYH'HQWLVWU\ DQG (QGRGRQWLFV 7KH VWXG\
FRPSULVHG  SDWLHQWV ERWK VH[HV DJHG  ±  ,Q HDFK
SDWLHQW WZR FODVV ,, FDYLWLHV ZHUH SUHSDUHG LQ SUHPRODUV
FDYLWLHVDQGUHVWRUHGZLWK5%&V2QHUHVWRUHGWRRWKLQ
HDFKSDWLHQWZDVWUHDWHGZLWK%LV%ORFNH[SHULPHQWDOJURXS
ZKLOH DQRWKHU VHUYHG DV FRQWURO ,Q WKH UHVWRUDWLYH SURFH-
GXUH6LQJOH%RQG0(63(ZDVXVHGDVWKHDGKHVLYHDQG
WHHWKZHUHUHVWRUHGZLWK9DOX[3OXV0(63(5%&6HQ-
VLWLYLW\HYDOXDWLRQZDVSHUIRUPHGDWGD\GD\DQGGD\
DIWHU UHVWRUDWLRQ DQG FRPSULVHG VHQVLWLYLW\ RQ WKHUPDO DQG
RVPRWLFVWLPXOLDVZHOODVVHQVLWLYLW\GXULQJPDVWLFDWLRQ
Results 7KH REWDLQHG UHVXOWV UHYHDOHG VWDWLVWLFDOO\
VLJQLILFDQWGHFUHDVHRISRVWRSHUDWLYHVHQVLWLYLW\LQH[SHUL-
PHQWDOWKDQFRQWUROJURXS
.H\ZRUGVSRVWRSHUDWLYHVHQVLWLYLW\UHVLQEDVHGFRPSRVLWHUHVWRUD
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LPDWHULMDOLPD SRVWRSHUDWLYQD RVHWOMLYRVW MRã XYHN QLMH X
SRWSXQRVWL UD]MDãQMHQD3RVWRML YLãH WHRULMDNRMHREMDãQMD-
YDMXRYXSRMDYX1HSRYROMQL HIHNWLSURX]URNRYDQLSUHSD-
UDFLMRPNDYLWHWDNDRãWRVXSUHWHUDQR]DJUHYDQMHLGHKLGUD-
WDFLMD GHQWLQD GRGDWQR VH SRJRUãDYDMX NDGD VH GHQWLQ X
VNRORSXSULSUHPH]DDSOLNDFLMXDGKH]LYQRJVUHGVWYDNRQGL-
FLRQLUDNLVHOLQRP15HVWDXUDWLYQLPDWHULMDOLQDED]LVPROD
VXWDNRÿHELOLSUHGPHWEURMQLKLVWUDåLYDQMDMHUVXVPDWUDQL
WRNVLþQLP ]D SXOSQRGHQWLQVNL NRPSOHNV SD MH ]DWR ELOD
QHRSKRGQD ]DãWLWQD EDULMHUD ]D GHQWLQ X RGEOLNX SRGORJH
LOL ODMQHUD 0HGMXWLP QHGDYQH VWXGLMH VX SRND]DOH GD
NLVHOLQH L UHVWDXUDWLYQLPDWHULMDOL QHPDMX ãWHWDQ HIHNDW QD
SXOSQR±GHQWLQVNLNRPSOHNVXNROLNRMHREH]EHÿHQDGHNYD-
WDQLVSXQLGREUR]DSWLYDQMHNDYLWHWD,SDNVPDWUDVHGD
MH]DãWLWDODMQHULPDLSRGORJDPDQHRSKRGQDNRGUHVWDXUD-
FLMDGXERNLKNDYLWHWDNRPSR]LWQLPLVSXQLPD
0HGMXWLPSRVWRSHUDWLYQDRVHWOMLYRVWSRVOHUHVWDXUDFLMH
NRPSR]LWQLPPDWHULMDOLPD VH MDYOMDXSUNRVGRGDWQRM ]DãWLWL
SXOSQRGHQWLQVNRJNRPSOHNVD-HGQRRGQDMãHãüLKREMDãQMH-
QMDRYHSRMDYHVH]DVQLYDQDKLGURGLQDPVNRMWHRULML'HOR-
YDQMHPQDGUDåDMDNDRãWRMHVXãHQMHGHQWLQDSURPHQDWHP-
SHUDWXUH RVPRWVNL QDGUDåDML GROD]L GR NUHWDQMD WXEXODUQH
WHþQRVWLEU]LQRPRGPPXVHNXQGL+LGURGLQDPVNLSUL-
WLVDNGRYRGLGRSRPHUDQMD WHODüHOLMDRGRQWREODVWD L LVWH]D-
QMD WHUPLQDOQLK ]DYUãHWDND QHUYQLK SOHNVXVD ãWR RPRJXüD-
YDXOD]DNNDOLMXPD LGHSRODUL]DFLMXPHPEUDQHãWRVHRVHüD
NDR LQWHQ]LYDQ ERO .RQGLFLRQLUDQMHP GHQWLQD NLVHOLQRP
GHQWLQVNL NDQDOLüL RVWDMX ãLURNRRWYRUHQL'DEL VH VSUHþLOR
LQWHUWXEXODUQR NUHWDQMH WHþQRVWL D VDPLP WLP L SUHYHQFLMD
SRVWHUDSLMVNHRVHWOMLYRVWLGHQWLQVNLNDQDOLüLXWRNXSRVWXSND
UHVWDXUDFLMH NRPSR]LWQLPPDWHULMDORPPRUDMX ELWL SRWSXQR
]DWYRUHQL0HGMXWLP WHKQLNDDSOLNDFLMHDGKH]LYD LSRWSXQR
QDJUL]DQMHGHQWLQDþHVWRSUHGVWDYOMDSUREOHPXRVWYDULYDQMX
KLEULGQRJ VORMD NDR RVQRYQRJ SDUDPHWUD VQDåQH DGKH]LYQH
YH]H =D RYDNYX YH]X SRWUHEDQ MH GHQWLQ NRML QLMH SUHVX-
ãHQ ZHWERQGLQJ DGKH]LYQRVUHGVWYRNRMHüHGRYHVWLGR
]DWYDUDQMDGHQWLQVNLKNDQDOLüDLPDODSROLPHUL]DFLRQDNRQ-
WUDNFLMDNRPSR]LWQRJPDWHULMDODXNDYLWHWX3UHNLGXVORMX
DGKH]LYQRJ VLVWHPD QD SRYUãLQL NDYLWHWD LOL PLNURSUR]QD
]RQD LVSRGKLEULGQRJVORMDX]URNXMHKLGURGLQDPVNRNUHWD-
QMHGHQWLQVNHWHþQRVWLLL]D]LYDSRVWRSHUDWLYQXRVHWOMLYRVW
%LORMHSXQRSRNXãDMDGDVHRYDMSUREOHPUHãLDOLMHGDQRG
QDþLQD]D UHGXNFLMXSRVWRSHUDWLYQHRVHWOMLYRVWLXNOLQLþNRM
SUHNVL MH GRGDWQD XSRWUHED GHVHQ]LELOL]DWRUD   6PDWUD
VH GD MH HILNDVQR VUHGVWYR ]D WR GHVHQ]LELOL]DWRU QD ED]L
RNVDODWD NRML VH DSOLNXMH QD NLVHOLQRP QDJULåHQL GHQWLQ
QHSRVUHGQRSUHDSOLNDFLMHDGKH]LYDXFLOMXSRWSXQRJ]DWYD-
UDQMDRWYRUHQLKGHQWLQVNLKNDQDOLüD2NVDODWQDNLVHOLQDLPD
DILQLWHW ]D NDOFLMXPRYH MRQH L] GHQWLQD SUL þHPX GROD]L
GRVWYDUDQMDNULVWDODVROLNDOFLMXPRNVDODWD$SOLNDFL-
MRPGHVHQ]LELOL]DWRUDQDNRQGLFLRQLUDQLGHQWLQRYLNULVWDOL
NDOFLMXPRNVDODWD]DWYDUDMXGHQWLQVNHNDQDOLüH L]QDþDMQR
UHGXNXMX KLGURGLQDPVNX SURYRGOMLYRVW 3RVOH QDQRãHQMD
RYRJ VUHGVWYD LSDN RVWDMH VORERGQD SRYUãLQD GHQWLQD ]D
QDQRãHQMHDGKH]LYDLLPSUHJQDFLMXGHQWLQDRGQRVQRVWYDUD-
QMHKLEULGQRJVORMDNDRNOMXþDGREUHDGKH]LYQHYH]H
&LOMRYRJUDGDMHELRGDVHSURYHULNOLQLþNDHILNDVQRVW
RNVDODWQRJGHVHQ]LELOL]DWRUD%LV%ORFNXSUHYHQFLMLSRVWR-
DOV SRVWRSHUDWLYH VHQVLWLYLW\ LV QRW IXOO\ XQFRYHUHG \HW
7KHUHDUHVHYHUDOWKHRULHVWKDWH[SODLQWKLVSKHQRPHQRQ
8QIDYRXUDEOH HIIHFWV RI FDYLW\ SUHSDUDWLRQ VXFK DV GHQ-
WLQH RYHUKHDWLQJ DQG GHKLGUDWLRQ DUH DGGLWLRQDO\ ZRUV-
HQHGZKHQGHQWLQHLVDFLGHWFKHGSULRUWRDGKHVLYHDSSOL-
FDWLRQ15HVLQEDVHGUHVWRUDWLYHPDWHULDOVKDYHDOVREHHQ
REMHFWRIQXPHURXVVWXGLHVDVWKH\ZHUHFRQVLGHUHGWR[LF
IRU SXOSGHQWLQH FRPSOH[ DQG UHTXLUHG SURWHFWLYH EDU-
ULHUIRUGHQWLQHLQWKHIRUPRIEDVHRUOLQHU+RZHYHU
UHFHQW VWXGLHV KDYH FRQILUPHG WKDW DFLGV DQG UHVWRUDWLYH
PDWHULDOVGRQRWKDYHDGHOHWHULRXVHIIHFWRQSXOSGHQWLQH
FRPSOH[LIWKHUHLVDQDGHTXDWHUHVWRUDWLRQDQGJRRGFDY-
LW\VHDO1HYHUWKHOHVVLWLVEHOLHYHGWKDWEDVHDQGOLQHU
FDYLW\ SURWHFWLRQ LV QHFHVVDU\ LQ GHHS FDYLWLHV UHVWRUHG
ZLWK5%&V
3RVWRSHUDWLYH VHQVLWLYLW\ RFFXUV DIWHU SODFHPHQW RI
5%& UHVWRUDWLRQV LQ VSLWH RI WKH DGGLWLRQDO SURWHFWLRQ RI
SXOSGHQWLQHFRPSOH[2QHRIWKHPRVWFRPPRQH[SODQD-
WLRQVRI WKLVSKHQRPHQRQ LV EDVHGRQ WKHK\GURG\QDPLF
WKHRU\6WLPXOLOLNHGHQWLQHGHVLFFDWLRQWHPSHUDWXUHDQG
RVPRWLFFKDQJHVLQGXFHWXEXODUIOXLGWRPRYHDWPP
VHF+\GURG\QDPLF SUHVVXUH UHVXOWV LQ WKHPRYHPHQW RI
RGRQWREODVW FHOOV DQG VWUHWFKLQJ RI QHUYH HQGLQJVZKLFK
HQDEOH SRWWDVLXP HQWHU WKH FHOOV DQG GHSRODUL]H PHP-
EUDQHV ZKLFK LV H[SHULHQFHG DV LQWHQVH SDLQ 'HQWLQH
DFLGHWFKLQJZLGHQVGHQWLQDO WXEXOHV ,QRUGHU WRSUHYHQW
LQWHUWXEXODU IOXLG PRYHPHQW DQG FRQVHTXHQWO\ SRVWRS-
HUDWLYH VHQVLWLYLW\ GHQWLQDO WXEXOHV PXVW EH FRPSOHWHO\
VHDOHG GXULQJ FDYLW\ UHVWRUDWLRQ ZLWK 5%&V +RZHYHU
WRWDOHWFKWHFKQLTXHDQGDGKHVLYHDSSOLFDWLRQRIWHQSRVH
DSUREOHP LQK\EULG OD\HU IRUPDWLRQDV WKHEDVLFSDUDP-
HWHU RI D VWURQJ ERQG ,Q RUGHU WR DFKLHYH WKLV NLQG RI
ERQG QRQGHVLFFDWHG GHQWLQH LV UHTXLUHG ZHW ERQGLQJ
DGKHVLYHWKDWZLOOVHDOGHQWLQDOWXEXOHVDQGORZSRO\PHUL-
]DWLRQVKULQNDJHRI5%&LQWKHFDYLW\$Q\GLVFRQWLQXLW\
LQWKHDGKHVLYHV\VWHPRUDPLFURSRURXV]RQHXQGHUQHDWK
WKH K\EULG OD\HU PD\ FDXVH K\GURG\QDPLF IOXLG PRYH-
PHQW DQG SRVWRSHUDWLYH VHQVLWLYLW\ 7KHUH ZHUH QXPHU-
RXV DWWHPSWV WR VROYH WKLV SUREOHP DQG RQH RI WKHZD\V
WR UHGXFH SRVWRSHUDWLYH VHQVLWLYLW\ LQ FOLQLFDO SUDFWLFH LV
DGGLWLRQDO XVH RI GHVHQVLWL]HUV7-9 2[DODWHEDVHG GHVHQ-
VLWL]HU LV EHOLHYHG WR EH HIILFLHQW LW LV DSSOLHG RQ DFLG
HWFKHG GHQWLQH LPPHGLDWHO\ EHIRUH DGKHVLYH DSSOLFDWLRQ
LQRUGHUWRFRPSOHWHO\VHDOGHQWLQDOWXEXOHV2[DODWHDFLG
KDV WKH DIILQLW\ WRZDUGV GHQWLQDO FDOFLXP LRQV DQG FU\V-
WDOV RI FDOFLXPR[DODWH VDOWV DUH IRUPHG7-9$SSO\LQJ WKH
GHVHQVLWL]HURQFRQGLWLRQHGGHQWLQHVXFKFDOFLXPR[DODWH
FU\VWDOV VHDO GHQWLQDO WXEXOHV DQG VLJQLILFDQWO\ UHGXFH
K\GURG\QDPLF FRQGXFWLYLW\$IWHU WKH DSSOLFDWLRQ RI WKLV
PDWHULDO WKHUH DUH VWLOO HQRXJK IUHH GHQWLQH VXUIDFHV IRU
WKHDSSOLFDWLRQRIDQDGKHVLYHDQGK\EULGOD\HUIRUPDWLRQ
7KHDLPRIWKLVVWXG\ZDVWRHYDOXDWHFOLQLFDOHIILFDF\RI
R[DODWHGHVHQVLWL]HU%LV%ORFNLQWKHSUHYHQWLRQRISRVWRS-
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SHUDWLYQHRVHWOMLYRVWLSRVOHSRVWDYOMDQMDNRPSR]LWQLKLVSX-
QDQDERþQLP]XELPD
0DWHULMDOLPHWRG
.OLQLþNRLVWUDåLYDQMHMHVSURYHGHQRQD.OLQLFL]D%ROH-
VWL]XED6WRPDWRORãNRJIDNXOWHWD8QLYHU]LWHWDX%HRJUDGX
8LVWUDåLYDQMHMHXNOMXþHQSDFLMHQWRVREDPXãNRJL
RVREDåHQVNRJSROD VWDURVWLRGGRJRGLQH.RG
VYDNRJ SDFLMHQWD VX XUDÿHQD GYD NDYLWHWD GUXJH NODVH QD
SUHPRODULPDNDYLWHWDLUHVWDXULVDQLNRPSR]LWQLPLVSX-
QLPD 1D MHGQRP NDYLWHWX MH DSOLNRYDQ GHVHQ]LELOL]DWRU D
GUXJLMHNRULãüHQNDRNRQWUROD6YDNLSDFLMHQWMHLQIRUPLVDQ
RQDþLQXL WLSXLVWUDåLYDQMDXNRMHüHELWLXNOMXþHQ,VWUDåL-
YDQMHPVXREXKYDüHQLVDPR]XELVDNDULMHVRPDOLNRMLQLVX
SRND]LYDOL ]QDNRYH RãWHüHQMD SXOSRGHQWLQVNRJ NRPSOHNVD
'DEL VH LVNOMXþLORSRVWRMDQMHRYLKSURPHQD ]XEL VX WUHWL-
UDQLWHVWRPWRSORWRKODGQRWRSORJXWDSHUNDãWDSLüLKODGDQ
QDGUDåDM OHGHQLãWDSLü 1DGUDåDM MHDSOLNRYDQQDEXNDOQX
SRYUãLQXHNVSHULPHQWDOQRJ]XEDLQMHJRYDUHDNFLMDMHXSR-
UHÿLYDQDVDVXVHGQLP]XERP.OLQLþNDSURFHGXUDNRGVYD-
NRJSDFLMHQWDMHSRGUD]XPHYDODSULPHQXORNDOQHDQHVWH]LMH
2EOLNRYDQMHNDYLWHWDMHVSURYHGHQRGLMDPDQWVNLPVYUGOLPD
LYLVRNRWXUDåQRPEXãLOLFRPX]YRGHQRKODÿHQMH8NODQMDQMH
NDULMHVQRSURPHQMHQRJGHQWLQDXUDÿHQRMHRNUXJOLPNDUELG-
QLPERUHURP2EOLNNDYLWHWDMH]DYLVLRRGYHOLþLQHLRELPD
NDULMHVRPSURPHQMHQRJGHQWLQDDVYHNDYLWHWHMHUDGLRMHGDQ
WHUDSHXW WUXGHüL VH SUL WRPHGD NDYLWHWL QD RED SUHPRODUD
EXGXSULEOLåQRLVWLKGLPHQ]LMD1DNRQ]DYUãHQHSUHSDUDFLMH
NDYLWHWD]XELVXWUHWLUDQLJHORPIRVIRUQHNLVHOLQHNRMD
MHSUYRQDQRãHQDQDJOHÿVD]DWLPLQDGHQWLQV
.LVHOLQDMHSRWRPXNODQMDQDYRGHQLPPOD]RPXWUDMDQMXRG
VDNDYLWHWMHEODJRSRVXãHQYD]GXKRPL]SXVWHUD
8HNVSHULPHQWDOQRMJUXSLSRYUãLQDVYDNRJNDYLWHWDMH
SUHPD]DQDRNVDODWQLPGHVHQ]LELOL]DWRURP%LV%ORFNVO
3UHSDUDW MH QDQRãHQ þHWNLFRP ]D MHGQRNUDWQX XSRWUHEX X
WUDMDQMX RG  VHNXQGL 3RYUãLQD ]XED MH SRWRP LVSUDQD
YRGHQLPPOD]RPX WUDMDQMXRG VHNXQGL1DNRQSRVX-
ãLYDQDMDNDYLWHWD DSOLNRYDQ MH6LQJOH%RQG 0(63( 
X]SRPRüþHWNLFHDSOLNDWRUD9LãDNUDVWYDUDþDMHXNORQMHQ
POD]RP YD]GXKD L] SXVWHUD X WUDMDQMX RG  ±  VHNXQGL
VD XGDOMHQRVWL RG  ±  FP$ DGKH]LY MH SURVYHWOMHQ X
WUDMDQMX RG  VHNXQGL1D WDNR SULSUHPOMHQ ]XE SRVWDY-
OMDQDMHPDWULFDGL]DMQLUDQD]DUHNRQVWUXNFLMXDSURNVLPDO-
QLK NDYLWHWD  7KH 3DORGHQW 6LVWHP 'HQWVSO\  VO QD
ERþQLP]XELPD=D ILNVLUDQMHPDWULFDNRULãüHQ MH L NRþLü
RGJRYDUDMXüHYHOLþLQHNDNRELVHRPRJXüLRGRYROMDQSULWL-
VDNL]PHÿX]XEDXFLOMXIRUPLUDQMDLQWHUSURNVLPDOQRJNRQ-
WDNWD1DJLQJLYDOQL]LGDSURNVLPDOQRJNDYLWHWDSRVWDYOMHQ
MH WDQDNVORM WHþQRJNRPSR]LWD)LOWHN)ORZ0(63( L
SURVYHWOMHQ  VHNXQGL =D UHVWDXUDFLMX MH NRULãüHQ NRP-
SR]LWQLPDWHULMDO9DOX[3OXV0(63(NRMLMHDSOLNRYDQ
XVORMHYLPDYRGHüLUDþXQDGDVYDNLVORMQHEXGHGHEOMLRG
PP6YDNLVORMMHSURVYHWOMHQVHNXQGL3RXNOMDQMDQMX
PDWULFHSURVYHWOMDYDQMH MHSRQRYOMHQR MRV MHGQRP L WR VD
HUDWLYHVHQVLWLYLW\DIWHUSODFHPHQWRI5%&UHVWRUDWLRQVLQ
SRVWHULRUWHHWK
0DWHULDOVDQGPHWKRGV
7KH FOLQLFDO VWXG\ZDV FRQGXFWHG DW%HOJUDGH8QL-
YHUVLW\ 6FKRRO RI 'HQWLVWU\ 'HSDUWPHQW RI 5HVWRUDWLYH
'HQWLVWU\ DQG (QGRGRQWLFV 7KH VWXG\ FRPSULVHG 
SDWLHQWV ERWK VH[HV DJHG± ,Q HDFKSDWLHQW WZR
FODVV,,FDYLWLHVZHUHSUHSDUHGLQSUHPRODUVFDYLWLHV
DQG UHVWRUHGZLWK5%&V ,Q RQH FDYLW\ WKH GHVHQVLWL]HU
ZDVDSSOLHGZKLOHWKHRWKHUZDVXVHGDVDFRQWURO(DFK
SDWLHQWZDV LQIRUPHGDERXW WKHQDWXUHRI WKH VWXG\7KH
VWXG\ FRPSULVHG RQO\ FDULRXV WHHWK ZLWKRXW WKH V\PS-
WRPVRISXOSGHQWLQHFRPSOH[EHLQJDIIHFWHG,QRUGHUWR
H[FOXGH WKHVH SDWKRORJLF FKDQJHV WHHWK ZHUH VXEMHFWHG
WR WKHUPDO KRWFROG WHVW KRW ± JXWWDSHUFKD VWLFN FROG
± LFH VWLFN7KHVWLPXOXVZDVDSSOLHG WREXFFDO VXUIDFH
RIWKHH[SHULPHQWDOWRRWKDQGLWVUHDFWLRQZDVFRPSDUHG
WR WKH FRQWURO WRRWK &OLQLFDO SURFHGXUH LQ HDFK SDWLHQW
LQFOXGHG ORFDO DQDHVWKHVLD &DYLW\ SUHSDUDWLRQ ZDV SHU-
IRUPHG XVLQJ GLDPRQG EXUV LQ D KLJKVSHHG KDQGSLHFH
ZLWK ZDWHUFRROLQJ &DULHV ZDV UHPRYHG XVLQJ D URXQG
FDUELGHEXU&DYLW\VKDSHGHSHQGHGRQWKHH[WHQWRIFDUL-
RXVDIIHFWHGGHQWLQHDQGSUHSDUDWLRQVZHUHGRQHE\RQH
WKHUDSLVWZLWK DQ LQWHQWLRQ WRSUHSDUH VLPLODU FDYLWLHV LQ
ERWKSUHPRODUV LQHDFKSDWLHQW$IWHUFDYLW\SUHSDUDWLRQ
WHHWKZHUHWUHDWHGZLWKSKRVSKRULFDFLGJHODSSOLHG
RQHQDPHOILUVWVDQGWKHQRQGHQWLQV$FLGZDV
UHPRYHGZLWKZDWHUMHWIRUVDQGWKHFDYLW\ZDVGULHG
ZLWKPLOGDLUVWUHDP
,Q WKH H[SHULPHQWDO JURXS WKH VXUIDFHRI HDFKFDY-
LW\ ZDV FRYHUHG ZLWK WKH R[DODWH GHVHQVLWL]HU %LV%ORFN
ILJ,WZDVDSSOLHGZLWKDGLVSRVDEOHDSSOLFDWRUIRU
V7RRWKVXUIDFHZDVWKHQVXEMHFWHGWRZDWHUMHWIRUV
$IWHUGU\LQJ6LQJOH%RQGZDVDSSOLHG 0(63(ZLWK
DQDSSOLFDWRU7KHH[FHVVPDWHULDOZDVUHPRYHGXVLQJDLU
MHWIRUVDWFPGLVWDQFH7KHDGKHVLYHZDVSRO\P-
HUL]HGIRUV$IWHUZDUGVDPDWUL[IRUSUR[LPDOFDYLW\
UHFRQVWUXFWLRQZDVDSSOLHGWRWKHWRRWK7KH3DORGHQW6\V-
WHP'HQWVSO\ILJ$QDGHTXDWHZHGJHZDVXVHGIRU
PDWUL[IL[DWLRQ$WKLQOD\HURIIORZDEOH5%&ZDVDSSOLHG
WR WKHJLQJLYDOZDOORI WKHSUR[LPDOFDYLW\DQGSRO\PHU-
L]HG IRU  V )LOWHN )ORZ 0 (63(9DOX[ 3OXV 0
(63(ZDVXVHGIRUFDYLW\UHVWRUDWLRQDQGDSSOLHGLQOD\-
HUVQRWKLFNHUWKDQPP(DFKOD\HUZDVSRO\PHUL]HGIRU
V$IWHUPDWUL[ UHPRYDOSRO\PHUL]DWLRQZDV UHSHDWHG
IURPWKHEXFFDOSUR[LPDOGLUHFWLRQ$OLJKWFXULQJXQLWRI
P:FPZDV XVHG IRU SRO\PHUL]DWLRQ 2SWLOX[ 
 6WRP*ODV6YRO
LQWHUSURNVLPDOQRJSURVWRUDVDEXNDOQHVWUDQH=DSURVYHW-
OMDYDQMHMHNRULãüHQDSDUDW2SWLOX[.HUULLQWH]LWH-
WRPVYHWODRGP:FP=DWLPMHVSURYHGHQSRVWXSDN
RNOX]DOQRJ XUDYQRWHåHQMD L REUDGH GRVWXSQLK SRYUãLQD
3ROLUDQMHMHXUDÿHQRXLVWRMSRVHWL
8NRQWUROQRM JUXSL QD GUXJRPSUHPRODUX MH VSURYH-
GHQ NODVLþDQ SRVWXSDN DSOLNDFLMH DGKH]LYQRJ VUHGVWYD L
NRPSR]LWQRJPDWHULMDODQDLGHQWLþDQQDþLQNDRLXHNVSHUL-
PHQWDOQRMJUXSLDOLEH]GHVHQ]LELOL]DWRUD
.HUU6XEVHTXHQWO\ DUWLFXODWLRQZDVFKHFNHGDQG UHVWR-
UDWLRQSROLVKHGLQWKHVDPHYLVLW
,Q WKHFRQWUROJURXS WKH VDPH UHVWRUDWLYHSURFHGXUH
ZDV XQGHUWDNHQ LQ WKH FRQWUDODWHUDO SUHPRODU DV LQ WKH
H[SHULPHQWDOJURXSEXWZLWKRXWDSSO\LQJGHQWLQHGHVHQVL-
WL]HU
6OLND%LV%ORFN
)LJXUH%LV%ORFN
6OLND3DORGHQW6LVWHP
)LJXUH3DORGHQW6\VWHP
=D SURFHQX SRVWRSHUDWLYQH RVHWOMLYRVWL NRG WHVWLUD-
QLK SDFLMHQWD NRULãüHQ MH SRVHEQR SULSUHPOMHQ XSLWQLN 3UYL
]XENRGVYDNRJSDFLMHQWD MH UHVWDXULVDQSUHPDSURWRNROX]D
HNVSHULPHQWDOQX JUXSX 3R ]DYUãHWNX UHVWDXUDFLMH SDFLMHQWX
MHGDWXSLWQLNGDELVHUHJLVWURYDODHYHQWXDOQDSRMDYDSRVWR-
SHUDWLYQRJEROD3DFLMHQW MH ]DPROMHQGD LVSXQLXSLWQLNNRG
NXüHLGDVHMDYLQDNRQWUROQHSUHJOHGHSRVOHþDVDSRVOH
LGDQDQDNRQUHVWDXUDFLMH6YDNLLVSLWDQLNMHRVHWOMLYRVW
WUHEDORGDRFHQLVD´3ULVXWQD´LOLÄ1LMHSULVXWQD´QDQDGUDåD-
MHNDRãWRVX
KODGQDMHODLSLüD
WRSODMHODLSLüD
]DVODÿHQDKUDQDLSLüD
RVHWOMLYRVWQDSULWLVDNXWRNXPDVWLNDFLMH
,Q RUGHU WR HYDOXDWH SRVWRSHUDWLYH VHQVLWLYLW\ D VSH-
FLDOO\GHVLJQHGTXHVWLRQQDLUHZDVXVHG7KHILUVW WRRWK LQ
HDFK SDWLHQW ZDV UHVWRUHG DFFRUGLQJ WR WKH SURWRFRO IRU
H[SHULPHQWDO JURXS $IWHU UHVWRUDWLRQ HDFK SDWLHQW ZDV
JLYHQ WKH TXHVWLRQQDLUH IRU QRWLQJ SRVVLEOH SRVWRSHUDWLYH
SDLQ3DWLHQWVZHUH DVNHG WR ILOO LQ WKH TXHVWLRQQDLUH DQG
UHWXUQIRUDIROORZXSDIWHUKRXUVWKDQGWKGD\DIWHU
WKHUHVWRUDWLRQ(DFKSDWLHQWVKRXOGPDUNVHQVLWLYLW\ZLWK
³3UHVHQW´RU³1RWSUHVHQW´XSRQWKHVWLPXOLVXFKDV
Â&ROGIRRGDQGEHYHUDJHV
Â+RWIRRGDQGEHYHUDJHV
Â6ZHHWIRRGDQGEHYHUDJHV
Â0DVWLFDWLRQSUHVVXUH
Serbian Dental J, 2007, 54 
8VOHGHüRMSRVHWLSDFLMHQWMHYUDüDRXSLWQLNLXUDÿHQD
MH SUHSDUDFLMD L UHVWDXUDFLMD QD GUXJRP SUHPRODUX SUHPD
SURWRNROX]DNRQWUROQXJUXSX,SRVOHRYRJWUHWPDQDSDFL-
MHQWX MH GDW QRYL XSLWQLN $QDOL]X XSLWQLND UDGLR MH LVWL
LVWUDåLYDþNRMLMHLSRVWDYLRUHVWDXUDWLYQLLVSXQ
5H]XOWDWL
'RELMHQLUH]XOWDWLSULND]DQLVXXWDEHOLLQDVOLNDPD
,QWKHQH[WYLVLWWKHSDWLHQWUHWXUQHGWKHTXHVWLRQQDLUH
DQG WKH VHFRQG SUHSDUDWLRQ DQG UHVWRUDWLRQZHUH GRQH LQ
WKH RSSRVLWH SUHPRODU DFFRUGLQJ WR WKH SURWRFRO IRU FRQ-
WUROJURXS$IWHUWKLVWUHDWPHQWWKHQHZTXHVWLRQQDLUHZDV
JLYHQ WR WKH SDWLHQW 2QH H[DPLQHU WKH RQH ZKR SODFHG
UHVWRUDWLRQVSHUIRUPHGTXHVWLRQQDLUHDQDO\VLV
5HVXOWV
7KHUHVXOWVDUHSUHVHQWHGLQWDEOHDQGILJXUHV
7DEHOD'LVWULEXFLMDRVHWOMLYRVWL]XEDXRGQRVXQDWHVWLUDQHQDGUDåDMH
7DEOH'LVWULEXWLRQRIWRRWKK\SHUVHQVLWLYLW\LQFRPSDULVRQWRWHVWHGVWLPXOL
1DGUDåDML 2VHWOMLYRVW
*UXSDVDGHVHQ]LELOL]DWRURP .RQWUROQDJUXSD
K GDQ GDQ K GDQ GDQ
Q  Q  Q  Q  Q  Q 
+ODGQR
3ULVXWQD 1  1  1       
1LMHSULVXWQD            
7RSOR
3ULVXWQD 0  0  0  0  0  0 
1LMHSULVXWQD            
2VPRWVNLQDGUDåDML
3ULVXWQD 0  0  0  1  1  1 
1LMHSULVXWQD            
3ULWLVDN
3ULVXWQD 1  1  0       
1LMHSULVXWQD            
6OLND.DYLWHWGUXJHNODVHQDPDNVLODUQRPSUHPRODUX
)LJXUH&ODVV,,FDYLW\LQPD[LOODU\SUHPRODU
6OLND3RVWDYOMHQDPDWULFD
)LJXUH$SSOLHGPDWUL[
 6WRP*ODV6YRO
7DEHODSULND]XMHEURM]XED]DVYDNXJUXSX WRNRP
SHULRGD SRVWRSHUDWLYQH SURFHQH X RGJRYRUX QD UD]OLþLWH
QDGUDåDMHKODGQRWRSORVODWNRSULWLVDNXWRNXPDVWLNDFL-
MH3URFHQDWSRWSXQRJRGVXVWYDSRVWRSHUDWLYQHRVHWOMLYR-
VWLXHNVSHULPHQWDOQRMJUXSLSRVOHLGDQDDNRMD
MHSURFHQMLYDQDXRGQRVXQDWHVWLUDQHQDGUDåDMHMHL]QRVLR
GRNMHSURFHQDWSRWSXQRJRGVXVWYDSRVWRSHUDWLYQH
RVHWOMLYRVWLXNRQWUROQRMJUXSLXRGQRVXQDLVWHSDUDPHWUH
L]QRVLR  3RVPDWUDQR ]D VYDNL QDGUDåDM SRVHE-
QR SURFHQDW SRWSXQRJ RGVXVWYD EROD QD QDGUDåDM X REOL-
NXKODGQLKMHODLSLüDXHNVSHULPHQWDOQRMJUXSLMHL]QRVLR
GRNMHXNRQWUROQRMWDMSURFHQDWL]QRVLR
1D QDGUDåDM X REOLNX WRSOLK MHOD L SLüD QL X MHGQRM
JUXSLQLMH]DEHOHåHQDRVHWOMLYRVW2VHWOMLYRVWQDRVPRWVNH
QDGUDåDMHMH]DEHOHåHQDVDPRXNRQWUROQRMJUXSLLWRXMHG-
QRPVOXþDMXãWRRGJRYDUDSURFHQWXRG
3URFHQDW SRWSXQRJ RGVXVWYD EROD QD SULWLVDN X WRNX
PDVWLNDFLMH X HNVSHULPHQWDOQRM JUXSL MH L]QRVLR 
GRNMHWDMSURFHQDWXNRQWUROQRML]QRVLR
1LMH SURQDÿHQD VWDWLVWLþNL ]QDþDMQD UD]OLND SRMDYH
SRVWRSHUDWLYQHRVHWOMLYRVWLXRYLPJUXSDPDSRVPDWUDQRX
RGQRVX QD YUHPHQVNL RSVHJ X NRPH MH LVWUDåLYDQMH VSUR-
YHGHQR 3! 7DNRÿH QLMH SRVWRMDOD UD]OLND X RGJR-
YRULPDQDSRVWHUDSLMVNXRVHWOMLYRVWSRVOHSUYRJLGDQDL
SRVOHLGDQD3!
'LVNXVLMD
$SOLNDFLMDGHVHQ]LELOL]DWRUDQDED]LRNVDODWDQDNLVHOL-
QRPNRQGLFLRQLUDQLGHQWLQSUHDSOLNDFLMHDGKH]LYDMHMHGDQ
RG QDþLQD ]D L]EHJDYDQMH SRVWRSHUDWLYQH RVHWOMLYRVWL
1MHJRYDNOLQLþNDHILNDVQRVWVH]DVQLYDQDVSRVREQRVWLRNOX-
]LMH RWYRUHQLK GHQWLQVNLK NDQDOLüD VWYDUDQMHP SUHFLSLWDWD
VROLNDOFLMXPRNVDODWDLVSRGSRYUãLQHGHQWLQDþLPHVHUHGX-
NXMHKLGURGLQDPVNDSURYRGOMLYLVWGHQWLQD0HÿXWLPNDNR
MHNDOFLMXPRNVDODWVRVODEHNLVHOLQHQDQMHQXUDVWYRUOMLYRVW
LVWDELOQRVWGLUHNWQRXWLþHS+DGKH]LYQRJVUHGVWYD93UHPD
LVWUDåLYDQMX<LX D L VDU  SRUHG S+ DGKH]LYQRJ VUHGVWYD
NRML XWLþH QD VWDELOQRVW NULVWDOD NDOFLMXP RNVDODWD XQXWDU
7DEOHVKRZVWKHQXPEHURIWHHWKIRUHDFKJURXSGXU-
LQJWKHSHULRGRIHYDOXDWLRQLQUHVSRQVHWRYDULRXVVWLPXOL
FROGKRWVZHHWPDVWLFDWLRQSUHVVXUH&RPSOHWHDEVHQFH
RI SRVWRSHUDWLYH VHQVLWLYLW\ LQ WKH H[SHULPHQWDO JURXS
DIWHUGD\GD\DQGGD\ZDVUHJLVWHUHGLQRI
SDWLHQWV ZKLOH WKLV SHUFHQWDJH LQ WKH FRQWURO JURXS ZDV
 &RPSOHWH DEVHQFH RI SRVWRSHUDWLYH VHQVLWLY-
LW\ WR FROG IRRG DQG EHYHUDJHV ZDV UHFRUGHG LQ 
RISDWLHQWVLQWKHH[SHULPHQWDODQGLQWKHFRQWURO
JURXS7KHUHZDVQRVHQVLWLYLW\WRKRWIRRGDQGEHYHUDJHV
LQHLWKHUJURXS6HQVLWLYLW\WRRVPRWLFVWLPXOLZDVQRWHGLQ
RQO\RQHSDWLHQWLQWKHFRQWUROJURXS
&RPSOHWH DEVHQFH RI SRVWRSHUDWLYH VHQVLWLYLW\ WR
PDVWLFDWLRQ SUHVVXUHZDV VHHQ LQ RI FDVHV LQ WKH
H[SHULPHQWDODQGLQWKHFRQWUROJURXS
7KHUH ZDV QR VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ
SRVWRSHUDWLYH VHQVLWLYLW\ LQ ERWK JURXSV LQ UHVSHFW WR WKH
VWXG\ SHULRG S!$GGLWLRQDOO\ WKHUHZDV QR GLIIHU-
HQFHDIWHUGD\GD\DQGGD\S!
'LVFXVVLRQ
7KH DSSOLFDWLRQ RI DQ R[DODWHEDVHG GHVHQVLWL]HU RQ
DFLGHWFKHGGHQWLQHEHIRUHDGKHVLYHDSSOLFDWLRQ LVRQHRI
WKHZD\VWRSUHYHQWSRVWRSHUDWLYHVHQVLWLYLW\7-9,WVFOLQLFDO
HIILFLHQF\ LV EDVHG XSRQ WKH SRVVLELOLW\ WR RFFOXGH RSHQ
GHQWLQDO WXEXOHV E\ IRUPLQJ FDOFLXPR[DODWH VDOW FU\VWDOV
XQGHUQHDWKGHQWLQHVXUIDFHZKLFK UHGXFHVGHQWLQHK\GUR-
G\QDPLFFRQGXFWLYLW\+RZHYHU VLQFHFDOFLXPR[DODWH
LV D ZHDN DFLG VDOW DGKHVLYH S+ GLUHFWO\ LQIOXHQFHV LWV
VROXELOLW\ DQG VWDELOLW\9 )XUWKHUPRUH EDVHGRQ WKH VWXG\
E\<LXHWDO IOXRULGHFRQWHQW LQDGKHVLYHVGLUHFWO\ LQIOX-
HQFHVERQG VWUHQJWKEHWZHHQ DGKHVLYH DQGGHQWLQH7KLV
LVH[SODLQHGZLWK WKHIDFW WKDW IOXRULGHIURPWKHDGKHVLYH
UHDFWV ZLWK IUHH FDOFLXP LRQV DIWHU GHQWLQH HWFKLQJ DQG
IRUPV VSKHULFDOSDUWLFOHVRI FDOFLXP IOXRULGH DORQJDGKH-
6OLND1DQRãHQMHDGKH]LYQRJVUHGVWYD
)LJXUH$SSOLFDWLRQRIWKHDGKHVLYHV\VWHP
6OLND=DYUãHQDUHVWDXUXUDFLMD
)LJXUH&RPSOHWHUHVWRUDWLRQ
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WXEXOD VDGUåDM IOXRULGD X DGKH]LYQLP VUHGVWYLPD GLUHNWQR
XWLþHQDMDþLQXYH]HDGKH]LYD]DGHQWLQ92YRVHREMDãQMDYD
þLQMHQLFRPGDIOXRU L]DGKH]LYQRJVUHGVWYDUHDJXMHVDVOR-
ERGQLPNDOFLMXPRYLPMRQLPDQDVWDOLPSRVOHNRQGLFLRQLUD-
QMDGHQWLQDVWYDUDMXüLVIHULþQHþHVWLFHNDOFLMXPIOXRULGDGXå
NRQWDNWDDGKH]LYDLGHQWLQD1MLKRYRSULVXVWYRXKLEULGQRP
VORMX PRåH GRYHVWL GR VWYDUDQMD QDSRQD XQXWDU KLEULGQRJ
VORMDVDSRVOHGLþQLPQDVWDQNRPSRUR]QLK]RQDãWRVHPDQL-
IHVWXMHVODEOMHQMHPYH]HDGKH]LYD]DGHQWLQ8RYRPLVWUDåL-
YDQMXNRULãüHQMH6LQJOH%RQG0(63(NDRVODERNLVHOL
DGKH]LYNRMLVDGUåLPLQLPDOQHNROLþLQHIOXRULGDLQHIRUPLUD
JOREXODUQHþHVWLFH2YRRPRJXüDYD LQILOWUDFLMXDGKH]LYDX
NRQGLFLRQLUDQLGHQWLQLIRUPLUDQMHDGKH]LYQHYH]HRGQRVQR
KLEULGL]DFLMXGHPLQHUDOL]RYDQRJGHQWLQD9
%RONRMLSDFLMHQWLRVHüDMXSRVOHUHVWDXUDFLMHNRPSR-
]LWQLP LVSXQLPD VH QH MDYOMD VYDNRGQHYQR 3URXþDYDMXüL
VLPSWRPH SRVWRSHUDWLYQH RVHWOMLYRVWL QDNRQ NRPSR]LWQLK
UHVWDXUDFLMD VYLK WLSRYD NDYLWHWD 8QHPRUL L VDU VX SUR-
QDãOL GD MH RG VYLK ]XED SRND]LYDOR ]QDNH SRVWRSH-
UDWLYQH RVHWOMLYRVWL 2YL DXWRUL VX GRãOL GR ]DNOMXþND GD
VHSRVWRSHUDWLYQDRVHWOMLYRVW MDYOMD LSRUHG]DãWLWHGHQWLQD
SRGORJDPD L ODMQHULPD2YX ]DVWXSOMHQRVW SRVWRSHUDWLYQH
RVHWOMLYRVWLREMDãQMDYDMXYLVRNLPSURFHQWRPPODGLKRVRED
NRMLVXELOLXNOMXþHQLXLVWUDåLYDQMH0ODGLSDFLMHQWLLPDMX
YHOLNX NRPRUX SXOSH L ãLURNH GHQWLQVNH NDQDOLüH ]ERJ
þHJDVXRVHWOMLYLMLQDKLGURGLQDPVNHQDGUDãDMH
 2SGDP L VDU10 VX QDãOL VOLþQH UH]XOWDWH L SRVWRSH-
UDWLYQXRVHWOMLYRVWRGNRG]XEDJGHVXNDYLWHWLSUYH
NODVHUHVWDXULVDQLNRPSR]LWQLPLVSXQLPD
8 VYDNRGQHYQRM SUDNVL QHUD]XPHYDQMH L SRJUHã-
QD SULPHQD DGKH]LYQLK VLVWHPD L NRPSR]LWQLK PDWHULMDOD
PRJXREMDVQLWLSRVWRSHUDWLYQXRVHWOMLYRVWXSUNRVQDSUHWNX
LUD]YRMXDGKH]LYQLKVLVWHPD1
8RYRMNDRLXVOLþQLPVWXGLMDPDNRMHVXVSURYHGHQH
X FLOMX LVSLWLYDQMD SRVWRSHUDWLYQH RVHWOMLYRVWL UHVWDXUDFLMH
NRPSR]LWQLPLVSXQLPDVXXUDÿHQHSRXQDSUHGRGUHÿHQRP
SURWRNROXNRMLMHVWULNWQRSUDüHQãWRPRåHELWLUD]ORJQHãWR
UHÿHSRMDYHRVHWOMLYRVWL]XEDQHJRXVYDNRGQHYQRMNOLQLþ-
NRM SUDNVL 'R RYDNYRJ ]DNOMXþND GRãOL VX L 1DVK L VDU
11 QDYRGHüL GD MH SRVWRSHUDWLYQD RVHWOMLYRVW SUREOHPNRML
VH MDYOMD ]ERJ YUOR RVHWOMLYH WHKQLNH UHVWDXUDFLMH2SGDP
L VDU 10 LVWLþX GD SRVWRSHUDWLYQD RVHWOMLYRVW NDR MHGDQRG
JODYQLK IDNWRUDNRMLRGUHÿXMHNOLQLþNLXVSHKNRPSR]LWQLK
UHVWDXUDFLMD X PQRJRPH ]DYLVL RG UHVWDXUDWLYQH WHKQLNH
SULPHQMHQHRGVWUDQHNOLQLþDUD
8 RYRP LVWUDåLYDQMX QH]QDWQD SRVWRSHUDWLYQD RVHW-
OMLYRVW MHQDMYHURYDWQLMHSRVOHGLFDQHDGHNYDWQHDGKH]LYQH
YH]H RGQRVQR SURSXVWD X UHVWDXUDWLYQRM SURFHGXUL ]ERJ
NRQWUDNFLMH NRPSR]LWQRJ PDWHULMDOD L IRUPLUDQMD PLNUR-
SXNRWLQH 7LPH VH REMDãQMDYD L RGVXVWYR RVHWOMLYRVWL QD
RVPRWVNHQDGUDåDMH ]DNRMH MHSRWUHEDQGLUHNWDQNRQWDNW
RVPRWVNH VXSVWDQFH L GHQWLQD1 3ULVXVWYR RVHWOMLYRVWL QD
PHKDQLþNH QDGUDåDMH þHVWR MH SRVOHGLFD HODVWLþQH GHIRU-
PDFLMHNRPSR]LWQRJ LVSXQDXVOHGRNOX]DOQRJRSWHUHüHQMD
NRMD GRYRGL GR WUDQVPLVLMH KLGURVWDWVNRJ SULWLVND SUHNR
WXEXODUQHWHþQRVWLGRRGRQWREODVWD
8 RYRP LVWDUåLYDQMX SURFHQD EROQH RVHWOMLYRVWL MH
YUãHQDQDRVQRYXILNVQLKNDWHJRULMDEROMHSULVXWDQERO
VLYHGHQWLQHLQWHUIDFH97KHLUSUHVHQFHLQWKHK\EULGOD\HU
PD\ UHVXOW LQ WKH IRUPDWLRQ RI VWUDLQ ZLWKLQ WKH K\EULG
OD\HUZLWKFRQVHTXHQWSRURXV]RQHVWKDWZHDNHQDGKHVLYH
ERQG WR GHQWLQH ,Q WKLV VWXG\ 6LQJOH %RQGZDV XVHG D
ZHDNDFLGDGKHVLYHZLWKPLQLPDOTXDQWLW\RIIOXRULGHDQG
QR JOREXODU SDUWLFOHV 7KLV HQDEOHG DGKHVLYH LQILOWUDWLRQ
LQWRHWFKHGGHQWLQHDQGWKHIRUPDWLRQRIDGKHVLYHERQGLH
WKHK\EULGL]DWLRQRIGHPLQHUDOL]HGGHQWLQH9
3DLQWKDWSDWLHQWVH[SHULHQFHDIWHUSODFHPHQWRI5%&
UHVWRUDWLRQVGRHVQRWRFFXUHYHU\GD\6WXG\LQJV\PSWRPV
RISRVWRSHUDWLYHVHQVLWLYLW\DIWHUSODFHPHQWRI5%&VLQDOO
NLQGVRIFDYLWLHV8QHPRULHWDOUHSRUWHGRIWHHWKWR
KDYHVKRZQV\PSWRPVRISRVWRSHUDWLYHVHQVLWLYLW\7KHVH
DXWKRUV KDYH FRQFOXGHG SRVWRSHUDWLYH VHQVLWLYLW\ RFFXUV
HYHQ GHVSLWH GHQWLQH SURWHFWLRQ ZLWK OLQHUV DQG EDVHV
7KH UHSRUWHG SHUFHQWDJH RI SRVWRSHUDWLYH VHQVLWLYLW\ LV
H[SODLQHGZLWKKLJKSHUFHQWRI\RXQJYROXQWHHUVLQFOXGHG
LQWKHVWXG\<RXQJSDWLHQWVKDYHODUJHSXOSFKDPEHUDQG
ZLGH GHQWLQDO WXEXOHV DQG WKHUHIRUHPRUH VXVFHSWLEOH WR
K\GURG\QDPLFVWLPXOL
2SGDPHWDO10 UHSRUWHGVLPLODUUHVXOWVZLWKSRVWRSHUD-
WLYHVHQVLWLYLW\LQRIWHHWKZLWKFODVV,5%&UHVWRUDWLRQV
,Q HYHU\GD\ FOLQLFDO SUDFWLFH PLVXQGHUVWDQGLQJ DQG
LQDGHTXDWHDSSOLFDWLRQRIDGKHVLYHV\VWHPVDQG5%&VPD\
H[SODLQSRVWRSHUDWLYHVHQVLWLYLW\LQVSLWHRILPSURYHPHQWV
DQGGHYHORSPHQWRIDGKHVLYHV\VWHPV1
,Q WKHSUHVHQWVWXG\DVZHOODVRWKHUV5%&UHVWRUD-
WLRQVZHUHGRQHZLWKVWULFWDGKHUHQFHWR WKHSURWRFRODQG
WKLVPD\EHWKHUHDVRQIRUORZHUIUHTXHQF\RIWHHWKK\SHU-
VHQVLWLYLW\FRPSDUHGWRURXWLQHFOLQLFDOSUDFWLFH7KHVDPH
H[SODQDWLRQ ZDV RIIHUHG E\ 1DVK HW DO11 ZKR VXJJHVWHG
WKDW SRVWRSHUDWLYH VHQVLWLYLW\ ZDV GXH WR YHU\ VHQVLWLYH
UHVWRUDWLRQ WHFKQLTXH2SGDPHWDO10KDYHVXJJHVWHG WKDW
SRVWRSHUDWLYHVHQVLWLYLW\DVRQHRIFULWLFDOIDFWRUVIRUFOLQ-
LFDO VXFFHVV RI5%& UHVWRUDWLRQV ODUJHO\ GHSHQGV RQ WKH
DSSOLHGWHFKQLTXH
,QWKHSUHVHQWVWXG\LQVLJQLILFDQWSRVWRSHUDWLYHVHQ-
VLWLYLW\ ZDV PRVW SUREDEO\ GXH WR LQDGHTXDWH DGKHVLYH
GHQWLQH ERQG LHPLVWDNHV LQ UHVWRUDWLYH SURFHGXUH RULJL-
QDWLQJIURPPDWHULDOFRQWUDFWLRQDQGPLFURJDSIRUPDWLRQ
7KLVDOVRH[SODLQVWKHODFNRIVHQVLWLYLW\WRRVPRWLFVWLP-
XOL DV LW UHTXLUHVGLUHFW FRQWDFWEHWZHHQDQRVPRWLF VXE-
VWDQFH DQG GHQWLQH1 6HQVLWLYLW\ WRPHFKDQLFDO VWLPXOL LV
RIWHQ WKH UHVXOW RI HODVWLF GHIRUPDWLRQ RI WKH UHVWRUDWLRQ
GXH WR RFFOXVDO ORDGLQJ ZKLFK OHDGV WR WUDQVPLVVLRQ RI
K\GURVWDWLFSUHVVXUH WKURXJK WXEXODU IOXLG WRZDUGVRGRQ-
WREODVWFHOOV
,Q WKH SUHVHQW VWXG\ VHQVLWLYLW\ HYDOXDWLRQ ZDV SHU-
IRUPHGEDVHGRQIL[HGFDWHJRULHVSDLQ LVSUHVHQW SDLQ LV
QRWSUHVHQW$QRWKHUPHWKRGIRUWKLVHYDOXDWLRQLVEDVHGRQ
YLVXDODQDORJXHVFDOHV 9$6 WKDWDUHVXSSRVHG WRSURYLGH
PRUHHIILFLHQWVWDWLVWLFDOFRQFOXVLRQV+RZHYHULWKDVEHHQ
88 6WRP*ODV6YRO
QLMH SULVXWDQ  'UXJL PHWRG ]D SURFHQX RVHWOMLYRVWL VH
]DVQLYDQDSULPHQLYL]XHOQLKDQDORJQLKVNDOD9$6NRMH
ELWUHEDOHGDREH]EHGHHILNDVQLMHVWDWLVWLþNR]DNOMXþLYDQMH
0HÿXWLPSULPHüHQRMHGDSDFLMHQWLLPDMXSRWHãNRüHXUHD-
JRYDQMXQDYL]XHOQRDQDORJQHVNDOH]ERJþHJDMHRGOXþH-
QRGDVH]DNDWHJRUL]DFLMXERODNRULVWHILNVQHNDWHJRULMH1
,DNR VX LVSLWDQLFL ELUDQL PHWRGRP VOXþDMQRJ L]ERUD
]XELXNOMXþHQLX LVWUDåLYDQMH VXELUDQLSRXQDSUHGRGUHÿH-
QLPSUDYLOLPDNDNRELVHREH]EHGLODVWDQGDUGL]DFLMDX]RUND
'DELVHREH]EHGLODSUHFL]QRVWGRELMHQLKUH]XOWDWDUHVWDXUD-
WLYQLSRVWXSDNLDQDOL]XGRELMHQLKUH]XOWDWD MHXUDGLRMHGDQ
LVWUDåLYDþ,VWUDåLYDQMDVXSRWYUGLODGDVHRVHWOMLYRVW MDYOMD
RELþQRXSUYRMQHGHOMLQDNRQUHVWDXUDFLMHSDMH]DWRLDQNH-
WDVSURYHGHQDSRVOHKSRVOHLGDQDRGUHVWDXUDFLMH
5H]XOWDWLXRYRMVWXGLMLSRND]XMXGD MHGHVHQ]LELOL]D-
WRUQDED]LRNVDODWDHILNDVQRVUHGVWYRXSUHYHQFLMLSRVWRSH-
UDWLYQHRVHWOMLYRVWLDOLGDELVHREH]EHGLOLSRX]GDQLMLUH]XO-
WDWLQHRSKRGQRMHVSURYHVWLNOLQLþNDLVWUDåLYDQMDQDYHüHP
EURMXLVSLWDQLNDDOLLQDGXåLYUHPHQVNLSHULRGSRVPDWUDQMD
=DNOMXþDN
1D RVQRYX GRELMHQLK UH]XOWDWD RYRJ LVWUDåLYDQMD
PRåH VH ]DNOMXþLWL GD VH SULPHQRP GHVHQ]LELOL]DWRUD QD
ED]LRNVDODWDSRMDYDSRVWRSHUDWLYQHRVHWOMLYRVWL ]QDþDMQR
VPDQMXMHDOLGDVHQHPRåHSRWSXQRHOLPLQLVDWL6WULNWQR
SUDüHQMH SURWRNROD SRVWDYH NRPSR]LWQRJ PDWHULMDOD X]
NRULãüHQMHGHVHQ]LELOL]DWRUDPRåHRYXSRMDYXVPDQMLWLQD
QDMPDQMXPHUX
REVHUYHG WKDWSDWLHQWVKDYHGLIILFXOWLHV LQ UHDFWLRQ WR9$6
DQGWKHUHIRUHLWZDVGHFLGHGWRXVHIL[HGSDLQFDWHJRULHV1
(YHQ WKRXJK SDWLHQWV ZHUH VHOHFWHG UDQGRPO\ WHHWK
LQFOXGHGLQWKHVWXG\ZHUHVHOHFWHGDFFRUGLQJWRSUHYLRXV-
O\ DGRSWHG FULWHULD LQ RUGHU WR DFKLHYH VDPSOH VWDQGDUGL-
]DWLRQ)RU SUHFLVH UHVXOWV D VLQJOH UHVHDUFKHU SHUIRUPHG
UHVWRUDWLYH SURFHGXUH DQG DQDO\VLV 3UHYLRXV VWXGLHV
UHYHDOHG WKDWSRVWRSHUDWLYHVHQVLWLYLW\RFFXUUHGPRVWO\ LQ
WKHILUVWZHHNDIWHUUHVWRUDWLRQDQGWKHUHIRUHWKHTXHVWLRQ-
QDLUHZDVFRQGXFWHGDIWHUKRXUVDQGGD\VDIWHUWKH
UHVWRUDWLRQ
3UHVHQW VWXG\ UHVXOWV VXJJHVW WKDW R[DODWHEDVHG
GHVHQVLWL]HU LV DQHIILFLHQWPHDQ WRSUHYHQWSRVWRSHUDWLYH
VHQVLWLYLW\EXWODUJHUFOLQLFDOWULDOVZLWKORQJHUREVHUYDWLRQ
SHULRGVDUHQHFHVVDU\IRUUHVXOWVWKDWZRXOGEHPRUHFRQ-
FOXVLYH
&RQFOXVLRQ
 %DVHGRQWKHUHVXOWVRIWKHSUHVHQWVWXG\LWFDQEH
FRQFOXGHGWKDWSRVWRSHUDWLYHVHQVLWLYLW\FDQEHVLJQLILFDQW-
O\UHGXFHGXVLQJR[DODWHEDVHGGHVHQVLWL]HUVEXWQRWHOLPL-
QDWHG6WULFWDGKHUHQFHWRWKHUHVWRUDWLYHSURWRFROZLWKWKH
DSSOLFDWLRQ RI GHVHQVLWL]HUVPD\ ODUJHO\ UHGXFH WKLV SKH-
QRPHQRQ
/LWHUDWXUD5HIHUHQFHV
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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 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